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Abstract
Background: The optimal transfusion strategy in acute myocardial infarction (AMI)-associated anemia remains uncertain.

Objectives: To compare all-cause mortality between liberal versus restrictive transfusion strategies in patients with AMI-
associated anemia, using a meta-analytic approach.

Methods: Pubmed, Embase, and ClinicalTrials.gov were systematically searched for randomized controlled trials (RCTs)
comparing liberal and restrictive transfusion strategies in AMI-associated anemia. Random-effects meta-analysis and trial
sequential analysis (TSA) were conducted to compare blood use, efficacy, and safety endpoints. The p-values were 2-sided with
an a of 0.05.

Results: In a pooled analysis involving 4,217 participants from three RCTs followed-up for 30 days, no statistically significant
differences emerged between restrictive and liberal strategies in all-cause mortality (RR 1.03; 95% Cl 0.67-1.57; p=0.90) and
other efficacy endpoints (recurrent AMI, unscheduled revascularization, acute heart failure, stroke, and acute kidney injury), as
well as in safety endpoints including allergic reactions, infection, and acute lung injury. TSA did not reach futility boundaries. In
patients assigned to restrictive strategy, substantial differences in transfusion use were observed across RCTs, correlating with
mortality rates, and likely accounting for between-study heterogeneity in treatment effects.

Conclusions: In patients with AMI-associated anemia, there is no clear superiority between liberal and restrictive transfusion
strategies in all-cause mortality or other major outcomes in 30 days. However, the heterogeneity observed in blood use between
the restrictive groups likely explains variable findings across RCTs.
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Introduction A restrictive transfusion strategy is generally associated

The optimal threshold for red blood cell (RBC) transfusion W't,h a sghstantlal rgductlon in RBC transf'u5|ons across
in patients with acute myocardial infarction (AMI) and anemia various clinical scenarios. Nevertheless, there is a theoretical
remains undefined.” Growing evidence suggests no statistical potential clinical benefit of a liberal transfusion strategy,
distinction in 30-day mortality or major clinical outcomes ~ aming for higher hemoglobin (Hb) levels to increase oxygen

between restrictive and liberal transfusion strategies in arange ~ availability in patients with AMI and anemia. Two prior
of diverse conditions.'" randomized controlled trials (RCTs) comparing restrictive

and liberal transfusion thresholds in patients with AMI
and anemia revealed superiority for a primary composite
outcome (in-hospital death, recurrent myocardial infarction,
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The most recent and largest RCT to date, involving
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Central lllustration: Restrictive versus Liberal Transfusion Strategies in Acute Myocardial Infarction and
Anemia: A Meta-Analysis and Trial Sequential Analysis
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Future studies with better restrictive protocol
implementation are needed.
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in the liberal group.” Given the uncertainty of optimal
transfusion strategy in patients with AMI and anemia and
the conflicting findings suggested by this recent largest
trial,” we conducted a systematic review and meta-analysis
comparing liberal versus restrictive transfusion strategies in
this population (Central lllustration).

Methods

This systematic review and meta-analysis was performed
and reported following the Cochrane Collaboration
Handbook for Systematic Reviews of Interventions and
the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) Statement guidelines
(Supplementary material and Methods 1)."*'> The meta-
analysis protocol was prospectively registered at the
International Prospective Register of Systematic Reviews
(PROSPERO; CRD42023484239)."

Data source and search strategy

We systematically searched PubMed (MEDLINE),
Embase, Cochrane, and ClincalTrials.gov from database
inception to November 16, 2023, and without language
restrictions. The search terms included “myocardial
infarction”, “acute coronary syndrome”, and “blood
transfusion”. The complete search strategy for each
database is provided in Supplementary material and
Methods 2. After removing duplicates, two authors (L.M.
and R.F) screened titles and abstracts and independently
assessed full-text articles for inclusion based on prespecified

criteria. Discrepancies were resolved in a panel discussion
with a third author (A.N.). Moreover, we used backward
snowballing (i.e., review of references) to identify relevant
references from articles identified in the original search."

Eligibility criteria

We considered studies eligible for inclusion if they (1) were
RCTs; (2) enrolled adult patients (= 18 years of age) with
ST-segment elevation (STEMI) or non-ST-segment elevation
myocardial infarction (NSTEMI) and anemia (Hb <10 g
or hematocrit Ht <30%); (3) compared restricted versus
liberal blood transfusion strategies; and (4) presented data
regarding any endpoints of interest. Exclusion criteria were:
(1) studies including patients with stable or unstable angina
without stratifying data for those with AMI; (2) myocardial
infarction (MI) occurring after coronary artery bypass grafting
or percutaneous coronary intervention; (3) patients receiving
palliative treatment; or (4) no data reported for any outcomes
of interest.

Data extraction

Two authors (L.M. and R.F) independently extracted the
data from each study using a standardized form including:
authors, enrollment period, study publication year, inclusion
and exclusion criteria, sample size, follow-up period,
transfusion strategies, Ml and anemia assessments, baseline
patient characteristics, baseline patients’ medications,
endpoint data — total number of patients and number of events
(binary endpoints), and endpoint definitions. Disagreements
were resolved in a panel discussion with a third author (A.N.).

Arq Bras Cardiol. 2024; 121(9):e20240158
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Endpoints

Our prespecified primary endpoint was all-cause mortality.
The secondary efficacy endpoints included (1) cardiovascular
mortality; (2) recurrent MI; (3) acute heart failure (HF); (4)
stroke; (5) unscheduled revascularization; and (6) acute
kidney injury. Our safety endpoints were (1) acute lung
injury; (2) infection; and (3) severe allergic reaction. We
compared differences in blood transfusion between studies
and intervention groups. Detailed endpoint definitions for
each included study are provided in Supplementary material
and Methods 3.

Quality assessment and risk of bias

Two independent authors (L.M. and R.F) assessed the
risk of bias in the included RCTs using Cochrane’s Risk of
Bias (RoB 2) tool for assessing the risk of bias in randomized
studies for the primary and secondary endpoints considering
intention-to-treat groups.'” In the RoB 2 evaluation, each trial
was scored as high risk, low risk, or some concerns in each of
the five domains: selection, performance, detection, attrition,
and reporting biases for the primary and secondary endpoints.
The GRADE (Grading of Recommendations, Assessment,
Development, and Evaluations) assessments of evidence
quality was performed according to the GRADE handbook,
and the summary of findings was compiled independently
by the two authors (L.M. and R.F) using the GRADEpro/
GDT software.'®" The five GRADE domains (risk of bias,
inconsistency, indirections, imprecision, and publication
bias) were used to categorize the level of certainty as high,
moderate, low, or very low. The GRADE assessment was
performed for all outcomes reported by the three included
trials. Disagreements were resolved in a panel discussion
with a third author (A.N.). Egger’s test was not performed
given the small number of included studies (n < 10), as
recommended by Cochrane.™

Statistical analysis

The statistical analyses were conducted in line with
Cochrane recommendations.’* To accommodate anticipated
methodological and clinical heterogeneities across studies,
treatment effect estimates were pooled using the Mantel-
Haenszel random-effects model. Due to the limited number
of studies, the restricted maximum likelihood estimator was
used to calculate heterogeneity variance t>."* Binary and
continuous endpoints were summarized using risk ratios
(RR) and mean differences (MD), respectively, along with
their respective 95% confidence intervals (Cl). Treatment
effects were two-tailed and considered statistically significant
at p <0.05. We assessed heterogeneity with Cochrane’s Q
statistic and Higgins and Thompson’s |?statistic, with p < 0.10
indicating statistical significance.?® Leave-one-out sensitivity
analyses were also conducted to ensure the robustness of
our findings. We used R version 4.2.2 and the extension
package “meta” for all calculations and graphics.?' The full
reproducible R code is available in Supplementary material
and Methods 4.

To better assess potential type 1 and type 2 errors, we
performed a trial sequential analysis (TSA) for all-cause
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mortality.?? We used a random-effects model with 95% Cl, an
information axis with sample size, type 1 error with 5% two-
sided boundary, and power of 80%. The adjustment of the
thresholds for the Z score was based on the O’Brien—Fleming
alpha spending function. TSA was performed using the TSA
program version 0.9.5.10 beta (Copenhagen Trial Unit,
Centre for Clinical Intervention Research, Rigshospitalet,
Copenhagen, Denmark).?

Results

Study selection and baseline characteristics

The systematic search yielded 4,187 articles and
abstracts (Figure 1). After removing duplicates and studies
that met the exclusion criteria based on title and abstract
review, 56 articles were retrieved and reviewed in full for
possible inclusion. Finally, four studies met the inclusion
criteria and were analyzed, but one study was removed
due to the absence of stratified data for the AMI patients,
as this study also included patients without AMI.>* The
reasons for exclusions in the full-text review are detailed
in Supplementary material eTable 1. We included 4,217
patients, with 2,115 (50.2%) assigned to restrictive blood
transfusion and 2,100 (49.8%) assigned to liberal blood
transfusion strategy. Mean age of patients was 72.8 years
(range, 72.1-77.0 years), and 45% (range, 42.2-48.0%)
were female (Table 1). In all three studies, the outcomes of
interest were assessed at 30 days. Definitions of restrictive
and liberal transfusion strategies in each study are detailed
in Supplementary material eTable 2. Supplementary material
eTable 3 summarize the clinical baseline characteristics of
the included patients.

Efficacy endpoints

In patients with AMI-associated anemia, there were
no statistically significant differences between restrictive
and liberal strategies for all-cause mortality (Figure 2A),
cardiovascular mortality (Figure 2B), recurrent Ml (Figure 2C),
acute HF (Figure 2D), unscheduled revascularization
(Figure 2E), stroke (Figure 2F), and acute kidney injury
(Figure 2G).

The results were robust and consistent with the primary
results when a leave-one-out analysis was performed for
all-cause mortality, recurrent MI, and HF (Supplementary
material eFigure 1).

In an additional assessment of the heterogeneity across
studies, we evaluated the total transfusion used in each study.
While the liberal strategy group showed a similar usage of
transfusion in all trials, there was a high heterogeneity of
treatment in the restrictive group. The mean RBC units in
the MINT trial, CRIT, and REALITY were 0.7 (+1.6), 1.6
(£2.0), and 2.9 (£3.7), in the restrictive group respectively
(Table 1, Figure 3A).%'2"3 In this last study, it is worth noting
that the total number of packed RBC units administered in
the restrictive group was even higher than that in the liberal
strategy (342 vs 324) (Figure 3A).° This finding is significantly
associated with the studies’ outcomes as there is a higher
observed mortality in studies prescribing fewer packed RBC
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PubMed search: 1,045 results
Embase search: 2,276 results
Cochrane search: 854 results

Identification

Records identified in database

search: 4,187 results

Number screened: 3,020 results

Screening

Full-text reviewed: 56 results

Eligibility

Studies identified through
backward snowballing (n = 0)

Included

3 included RTCs in qualitative synthesis (meta-analysis)

Excluded by title/abstract (n = 2,964)

Full-text articles excluded after applying inclusion and
exclusion and exclusion criteria (n = 53):

3 included RTCs in qualitative synthesis

Additional records identified through
Clinicaltrials.gov (n = 12)

Duplicate reports (n = 1,167)

Ineligible study design - non-randomized (n = 32)
Ineligible population (n = 15)

Study design and rationale (n = 4)

Others (n =2)

Figure 1 - Study screening and selection.

units in the restrictive group (Figure 3B). This finding likely
explains the heterogeneity across studies.

Safety endpoints

There were no differences between groups for severe
allergic reaction, infection, acute lung injury or respiratory
failure (Figure 4).

Quality assessment and risk of bias

The risk of bias for each of the five domains examined
(selection, performance, detection, attrition, and reporting
biases) was low and concordant between the two authors
(L.M. and R.F). The risk was assessed by RoB 2 tool for the
primary and secondary endpoints considering intention-to-

treat groups for each of the three included trials, resulting in
an overall risk of bias for each study (Supplement material
eTable 4).

The final level of evidence certainty for the pooled
estimated effect (restrictive vs. liberal) was moderate for
all-cause mortality, recurrent MI, and acute HF — outcomes
reported in all included RCTs. For each of these outcomes,
imprecision drove the downgrade given the potential benefit
and potential harm within the Heart failure (Supplementary
material eTable 5).

Trial sequential analysis

In the TSA of all-cause mortality, the cumulative Z-curve
did not surpass the monitoring boundaries, including futility,

Arq Bras Cardiol. 2024; 121(9):e20240158
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Table 1 - Baseline characteristics of included studies and patients

Transfusion strategy, (%) Hb 7 t()g[% g/dL, Hb <(15%)g/dL, Hb ?ggldL, Hb <(lg)g/dL, Ht(<5234)1%, Ht(z(;()]%,
Age in years, mean + SD 722115 721 £11.6 78 (69-85) 76 (69-84) 70.3+14.3 76.4 £13.5
Female sex, No. (%) 774 (44.3) 819 (46.7) 141 (41.2) 140 (43.2) 11 (46) 11 (52)
Hypertension, No. (%) 1478 (84.5) 1498 (85.4) 272 (79.5) 256 (79.0) 18 (75) 19 (91)
Dyslipidemia, No. (%) 1123 (64.2) 1147 (65.4) 189 (55.3) 201 (62.0) 15 (63) 16 (76)
Diabetes, No. (%) 948 (54.2) 948 (54.0) 176 (51.5) 158 (48.8) 13 (54) 17 (81)
Current tobacco smoking, No. (%) 273 (16.6) 275 (16.6) 51 (16.1) 41 (14.0) 8(33) 2 (10)

MI 589 (33.7) 549 (33.1) 121 (35.4) 119 (36.7) NA NA
PCI 623 (35.6) 577 (32.9) 114 (33.3) 111 (34.3) 6 (25) 5 (24)
CABG 372 (21.3) 390 (22.2) 44 (12.9) 42 (13.0) 4(17) 6 (29)
Acute Heart failure 527 (30.1) 539 (30.7) 44 (12.9) 38 (11.7) NA NA
Chronic anemia 735 (42.0) 758 (43.2) 61 (17.8) 62 (19.1) NA NA
Cancer 397 (22.7) 372 (21.2) 67 (19.5) 62 (19.1) NA NA
ESRD 797 (45.6) 810 (46.2) 25 (7.3) 30 (9.3) NA NA
SmdecaMlNo.6)
NSTEMI 1430 (818) 1418 (80.8) 234 (68.4) 231 (71.3) 13 (54) 14 (67)
STEMI 319 (182) 337 (19.2) 108 (31.6) 93 (28.7) 11 (46) 7.(33)
Findings before randomizaton
LVEF %, mean  SD 473+13.4 4754137 NA NA 3915 47 £13
g{:::’:”;bmedia" 2l e e 14(09,26)  14(09,25  13(09,20)  12(0.9,22) 24£23 29+23
Hb*, mean + SD 8608 8.640.8 9.040.8 9.1£0.8 NA NA
Active bleeding, No. (%) 246 (14.1) 213 (12.1) 36 (10.5) 49 (15.1) NA NA
pRBC, mean £ SD 0.7 416 25423 29437 28427 16420 25413

*Hb in the CRIT trial was estimated as Ht/3.39 All studies assumed p< 0.05 as statistical significance. AMI: acute myocardial infarction; CABG: coronary-artery
bypass grafting; ESRD: end-stage renal disease; Hb: hemoglobin; NA: not available; LVEF: left ventricular ejection fraction; MI: myocardial infarction; NSTEMI:
non-ST-segment elevation myocardial infarction; pRBC: packed red blood cell; PCI: percutaneous coronary intervention; Q1 and Q3, first and third quartiles;
RCT: randomized controlled trial; RBC: red blood cell; SD: standard deviation; STEMI: ST-segment elevation myocardial infarction.

M, unscheduled revascularization, HF, stroke, and acute kidney
injury in patients with acute MI and anemia. Similarly, there
were no significant differences in safety endpoints. These
results remained robust in leave-one-out sensitivity analyses
for all outcomes. However, there was a notable heterogeneity
in the results across studies which seems to be at least partially
explained by the differences in the amount of packed red blood
cells used in the restrictive group across trials.

nor did the total sample size reach the required information
size line (Figure 5). Overall, these findings indicate absence
of statistically significant difference in the pooled analysis
and, thus far, they are insufficient to definitively exclude the
possibility of an effect of a restrictive vs. liberal transfusion
strategy for patients with AMI and anemia.

Discussion The restrictive approach mitigates the use of a limited and

In the present study, we found no significant differences in
30-day outcomes between a restrictive and liberal transfusion
strategy for all-cause mortality, cardiovascular mortality, recurrent

Arq Bras Cardiol. 2024; 121(9):e20240158

crucial resource and reduces potential risks for associated
side effects. However, hypothesized benefit of maintaining
higher Hb levels to increase oxygen availability to the
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Restrictive Liberal
Study Events Total Events Total Weight RR[95% Ci] All-Cause Mortality
REALITY 2021 19 342 25 324 31.8% 0.72[0.40; 1.28] AI-h
MINT 2023 173 1749 146 1755 65.1% 1.19[0.96; 1.47]
CRIT 2011 2 24 1 21 3.2% 1.75[0.17; 17.95] —_—
Total (95% Cl) 2115 2100 100.0% 1.03 [0.67; 1.57] -
Heterogeneity: Tau? = 0.0601; Chi? = 2.70, df = 2 (P = 0.26); I = 26%
Test for overall effect: Z=0.12 (P = 0.90) 041 051 2 10
Favors Restrictive Favors Liberal
Restrictive Liberal
Study Events Total Events Total Weight RR[95% Ci] Cardiovascular Mortality

REALITY 2021 13 342 21 324 46.1% 0.59[0.30;1.15] ——@——
MINT 2023 97 1749 56 1755 53.9% 1.74[1.26;2.40] ——

Total (95% Cl) 2001 2079 100.0% 1.05[0.36; 3.04]  ————

Heterogeneity: Tau? = 0.5174; Chi? = 8.11, df = 1 (P < 0.01); I = 88%
Test for overall effect: Z=0.10 (P = 0.92) 05 1 2
Favors Restrictive Favors Liberal

Restrictive Liberal
Study Events Total Events Total Weight RR[95% Ci] R t My dial Inf:
REALITY 2021 7 342 10 324 9.6% 0.66[0.26; 1.72] —*t
MINT 2023 149 1749 126 1755 89.5% 1.19[0.94; 1.49]
CRIT 2011 1 24 0 21 09% 2.63[0.11;61.30] _—t
Total (95% CI) 2115 2100 100.0% 1.13[0.83; 1.53] >
Heterogeneity: Tau? = 0.0133; Chi? = 1.62, df = 2 (P = 0.45); I* = 0%
Test for overall effect: Z=0.79 (P = 0.43) 01 0512 10
Favors Restrictive Favors Liberal
Restrictive Liberal
Study Events Total Events Total Weight RR[95% Ci] Acute Heart Failure
CRIT 2011 2 24 8 21 29% 0.22[0.050.92] ——
REALITY 2021 11 342 12 324 9.2% 0.87[0.39; 1.94] -
MINT 2023 102 1749 111 1755 87.9% 0.92[0.71;1.20]
Total (95% CI) 2115 2100 100.0% 0.88 [0.69; 1.12]
Heterogeneity: Tau? < 0.0001; Chi? = 3.74, df = 2 (P = 0.15); I = 47%
Test for overall effect: Z = 1.03 (P = 0.30) 0.1 051 2 10
Favors Restrictive Favors Liberal
Restrictive Liberal
Study Events Total Events Total Weight  RR[95% Ci] Unscheduled R
REALITY 2021 5 342 6 324 11.7% 0.79[0.24; 2.56]
E MINT 2023 43 1749 39 1755 88.3% 1.11[0.72;1.70]
Total (95% CI) 2091 2079 100.0% 1.06 [0.71; 1.59]
Heterogeneity: Tau? = 0; Chi2 = 0.28, df = 1 (P = 0.60); I> = 0%
Test for overall effect: Z = 0.30 (P = 0.76) 0.5 1 2
Favors Restrictive Favors Liberal
Restrictive Liberal
Study Events Total Events Total Weight  RR[95% Ci] Stroke
REALITY 2021 2 342 2 324 6.6% 0.95[0.13;6.69] ] :
‘E MINT 2023 30 1749 26 1755 93.4% 1.16[0.69; 1.95]
Total (95% Cl) 2091 2079 100.0% 1.14 [0.69; 1.89]
Heterogeneity: Tau? = 0; Chi? = 0.04, df = 1 (P = 0.85); I = 0%
Test for overall effect: Z = 0.52 (P = 0.60) 0.2 05 1 2 5
Favors Restrictive Favors Liberal
Restrictive Liberal
Study Events Total Events Total Weight RR[95% Ci] Acute Kidney Injury
MINT 2023 233 1749 233 1755 82.7% 1.00[0.85; 1.19] —*—
REALITY 2021 33 342 23 324 17.3% 1.36[0.82; 2.26] e —
Total (95% CI) 2091 2079 100.0% 1.06 [0.84; 1.32] ————
Heterogeneity: Tau? = 0.0085; Chi? = 1.22, df = 1 (P = 0.27); I = 18%
Test for overall effect: Z = 0.49 (P = 0.63) 0.5

Favors Restrictive Favors Liberal

Figure 2 - Qutcomes of restrictive versus liberal transfusion strategy in patients with acute myocardial infarction and anemia in 30 days. Caption: All-cause
mortality (A), cardiovascular mortality (B), recurrent myocardial infarction (C), acute heart failure (D), unplanned revascularizations (E), stroke (F), and acute
kidney injury (G); CRIT, Conservative Versus Liberal Red Cell Transfusion in Acute Myocardial Infarction (the CRIT Randomized Pilot Study); 12 MINT: Restrictive or
Liberal Transfusion Strategy in Myocardial Infarction and Anemia; 13 REALITY: Effect of a Restrictive vs Liberal Blood Transfusion Strategy on Major Cardiovascular
Events Among Patients With Acute Myocardial Infarction and Anemia.6 All studies assumed p< 0.05 as statistical significance.
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Test for subgroup differences: Chi? = 9.05, df = 1 (P < 0.01)

Restrictive Group

100
90
80
70
60
50
40
30 |

MINT

Study or Liberal Restrictive

Subgroup Mean SD Total Mean SD Total Weight MD [95% Ci] Units of Blood Transfused
MINT

MINT 2023 250 2.30 1755 0.70 1.60 1749 36.6% 1.80[1.67;1.93] =
Previous Trials

CRIT 2011 250 1.30 21 160200 24 29.0% 0.90(-0.07;1.87] ——
REALITY 2021 2.80 270 324 290 370 342 34.4% -0.10[-0.59; 0.39] ——

Total (95% CI) 345 366 63.4% 0.31[-0.66; 1.27] —————
Heterogeneity: Tau® = 0.3452; Chi =3.23, df = 1 (P = 0.07); I’ = 69%

Total (95% CI) 2100 2115 100.0% 0.88 [-0.26; 2.03] A ——
Heterogeneity: Tau? = 0.9306; Chi2 = 56.25, df = 2 (P < 0.01); I2= 96% f f ! !
Test for overall effect: Z=1.51 (P =0.13 -2 -1 0 1

Higher in Restrictive Higher in Liberal

Beta -0.02 (SE 0.001)

P=-0.036; R?=0.99
CRIT

REALITY

20 |
10

Observed mortality rate (%)

06 08 10 12 14 16 18

20 22 24 26 28 30

0.0 0.5

Liberal Group

100
90
80
70
60

12
10
8

Beta 0.04 (SE 0.
P=0.77; R?=0.13

6
4
2
0

15 2.0 2.5 3.0

10)
M‘N: REALITY

/
cri?

50
40
30
20
10

Observed mortality rate (%)

06 08 10 12 14 16 18 20 22 24 26 28 3.0

0.0 0.5 1.0

1.5
Mean units of blood transfused

2.0 2.5 3.0

Figure 3 - Mean packed red blood cell transfused units (g/dL) difference (A) and mortality trend (B) in restrictive versus liberal transfusion strategy in

patients with acute myocardial infarction and anemia in 30 days. CRIT, Conserva,

tive Versus Liberal Red Cell Transfusion in Acute Myocardial Infarction (the

CRIT Randomized Pilot Study); 12 MINT: Restrictive or Liberal Transfusion Strategy in Myocardial Infarction and Anemia; 13 REALITY: Effect of a Restrictive
vs Liberal Blood Transfusion Strategy on Major Cardiovascular Events Among Patients With Acute Myocardial Infarction and Anemia;6All studies assumed

p< 0.05 as statistical significance.

ischemic myocardial area is plausible and justifies additional
investigation though some studies suggest oxygen delivery
might not be increased by transfusions.? The accumulated
evidence suggests that a restrictive transfusion strategy is
safe in a range of clinical scenarios,” and our current analysis
supports this by documenting no differences in any of the
safety endpoints between the two groups.

Arq Bras Cardiol. 2024; 121(9):e20240158

While no distinguishable differences in safety outcomes
would suggest that either strategy would be routinely
acceptable, the logistics of blood-derived products are
more complex than most routinely used therapies. Blood
resources are scarce, and any potential reduction in use can
have a significant impact from a societal perspective as those
resources can be directed to other patients in need.?*?® This
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Restrictive Liberal
Study Events Total Events Total Weight RR [95% Ci] Severe Allergic Reaction
MINT 2023 2 1748 2 1754 68.0% 1.00[0.14; 7.12] +
[E REALITY 2021 3 342 0 324 32.0% 6.63[0.34; 127.90] —
Total (95% CI) 2090 2078 100.0% 1.84 [0.33; 10.34] e —
Heterogeneity: Tau? = 0.1439; Chi? = 1.09, df = 1 (P = 0.30); I>= 8% ! ) | !
Test for overall effect: Z = 0.69 (P = 0.49) 001 041 1 10 100
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Figure 4 - Safety endpoints of restrictive versus liberal transfusion strategy in patients with acute myocardial infarction and anemia in 30 days. Caption: Allergic
reactions (A), infections (B), and acute lung injury or respiratory failure (C). Trials abbreviations same as Figure 2. All studies assumed p< 0.05 as statistical

significance.

reallocation of scarce resources can also lead to cost savings as
well as logistical improvements in the implementation of their
use.? Thus, unless there is a proven benefit of more liberal
transfusion strategies, a restrictive strategy would be more
likely beneficial to society as a whole as no distinguishable
clinical impact is noted for individual patients.

However, given the profound impact of those findings on
routine clinical practice in cardiac intensive care units across
the world, a more granular analysis is needed to allow for
adequate implementation of current evidence. Within this
context, our results provide novel insightful findings in the
assessment of heterogeneity across the studies included in
the present meta-analysis. While the treatment in the liberal
strategy was impressively consistent across trials, there was
substantial variability in the use of transfusion in what was
defined as the “restrictive transfusion group”. This difference
was nontrivial as it varied from an average of less than 1 unit of
packed RBC per patient to as high as almost three units. Some
of this heterogeneity may be explained by the posttransfusion
Hb targets in the restrictive group across trials. The MINT trial'3
did not require transfusion when Hb < 8 g/dL, as a result, it
was the trial with the lowest mean units of blood transfused.
On the contrary, the REALITY trial® had the highest upper limit
posttransfusion target in the restrictive group (8 — 10 g/dL) which
approximates to the posttransfusion target in the liberal group
(= 10 g/dL) in the MINT and CRIT trials.">'?

Another point to be weighted is the duration of follow-
up. In the REALITY trial,® despite the observed benefit of the

restrictive strategy in the short term, the positive findings were
not sustained at one year of follow up.?* This finding reinforces
the need for a well-defined sequential follow-up period,
stratified by specific populations. Until then, the threshold to
transfuse should be individualized, taking into consideration
the patient’s clinical context.

The difference in transfusion between the two groups in
each trial is a key parameter to be explored as therapy can
only be proven to show efficacy if its use is consistently and
meaningfully different between the two study groups. If the
control (restrictive) group receives almost as many transfusions
as the treatment (liberal) group, no difference in outcomes
should be expected. In our current analysis, we were able to
show a direct correlation between the transfusion in the control
arm and the observed outcomes (mortality rate reduction with
an increase in mean units of blood transfused in the restrictive
control group). While the analysis is limited by the small
number of studies (three), the small sample size mainly leads
to a considerably lower power in the analysis, but it would not
have a substantial impact on the rate of false positive findings.

There are other potential explanations for the findings that
we were unable to explore such as the heterogeneity among
patients with AMI and anemia, along with the impracticality
of considering Hb as an optimal surrogate for oxygen
availability.*>3* Also, AMI encompasses patients with STEMI
and NSTEMI, who often exhibit distinct ischemic burdens,
clinical severity, and 30-day prognosis, contributing to significant
within-group heterogeneity.® Similarly, individuals with acute
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Figure 5 - Trial Sequence Analysis of Restrictive vs liberal transfusion strategy on all-cause mortality within 30 days in patients with acute myocardial infarction
and anemia. CRIT, Conservative Versus Liberal Red Cell Transfusion in Acute Myocardial Infarction (the CRIT Randomized Pilot Study); MINT: Restrictive or
Liberal Transfusion Strategy in Myocardial Infarction and Anemia; REALITY, Effect of a Restrictive vs Liberal Blood Transfusion Strategy on Major Cardiovascular

Events Among Patients With Acute Myocardial Infarction and Anemia.

and chronic anemia may undergo different physiological
adaptations to ischemia and blood transfusion, including
variations in the optimal Hb-oxygen dissociation curve.?'?*
Within the same aspect, RBC changes, collectively referred
to as ‘storage lesion’, may impact RBCs’ oxygen transport and
tissue delivery differently in distinct patients, including the
potentially distinct physiological implications of RBCs from
different RBCs’ donors.**3¢ Additionally, it is plausible that
patients with concurrent advanced chronic kidney disease
may have a different response to ischemia and transfusion.>**”
Finally, given the heterogeneous pathophysiological nature of
AMI-associated anemia and possible complex and unbalanced
effects on the intervention itself (blood transfusion), these two
transfusion strategies may have different and opposing effects on
distinct subgroups, which may not be fully appreciated due to
the known power limitations of subgroup analyses.>® While all
those other alternative explanations for the findings are plausible
and potentially important, none of them conflicts or contradicts
our current findings.

When these findings about heterogeneity are contextualized
with our TSA it becomes clear that current evidence is insufficient
to clearly support one of the two strategies. However, our results
provide guidance on how future studies in the field should be
conducted to provide meaningful information for implementation
of results. These studies should not only focus on adequate
implementation of the treatment strategy in the liberal arm,
but also perform a controlled implementation of transfusion
in the restrictive arm to allow for a real difference in treatment
between groups.

It is worth noting that the required information size from
the TSA suggests that 77,885 patients would be needed to
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conclusively address this clinical question. This raises concerns
that even if there was a significant difference between the
two strategies, its effect would likely be small. However, this
analysis is constrained by the cumulative sum analysis of the
data of all included trials. If a difference between treatments
was assumed, like that reported in the MINT trial (a three-fold
increase in blood use), the calculated differences in outcomes
would lead to a much smaller sample size requirement.

This study has limitations. First, all three RCTs were open-
label due to the nature of the intervention (blood transfusion).
Second, the absence of individual patient-level data precluded
specific subgroup analyses. And third, the three studies used
slightly different transfusion targets.

Conclusion

In this meta-analysis of RCTs of patients with AMI and
anemia, there was no statistical difference between restrictive
and liberal transfusion strategies within 30 days for all-cause
mortality, cardiovascular mortality, recurrent MI, unscheduled
revascularization, acute heart failure, stroke, acute kidney
injury, severe allergic reaction, infection, acute lung injury
or respiratory failure. However, observed heterogeneity in
transfusion use in the control (restrictive transfusion) groups
likely explains at least part of the variability in outcomes across
trials. The current results inform how to better implement
future trials to explore this question.
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